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(54) Optical communication system with optical amplification 



(57) The invention relates to an optical communica- 
tion system comprising a terminal station which sends 
first and second light signals through an optical trans- 
mission line, the first light signal having a variable 
number of channels associated with different wave- 
lengths, and the second tight signal indicating initiation 
of changing the number of channels in the first lights 
signal: and an optical repeater which receives the first 
and second light signals, said optical repeater including 
an optical amplifier which amplifies the first light signal, 
and a controller which receives the second light signal 
and. upon receipt of the second light signal, controls the 
optical amplifier to amplify the first light signal with an 
approximately constant gain during a process of chang- 
ing the number of channels. 

Moreover, the invention relates to an optical com- 
munication network, conprising an optical transmission 
line: terminal stations, each connected to the optical 
transmission line, for transmitting and receiving, through 
an optical transmission line, a first light signal having a 
variable number of channels associated with different 
wavelengths and a second light signal indicating com- 
pletion of changing the number of channels; and an 
optical repeater receiving the first and second light sig- 
nals, the optical repeater including a controller which 
receives the second light signal and, upon receipt of the 
second light signal, finishes preparation of changing the 
number of channels, and an optical amplifier which is 



controlled by the controller to amplify the first light signal 
with an approximately constant gain during the prepara- 
tion of changing the number of channels. 
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Description 

nRQSS^REFERENCE TO RE LATED APPLICATIONS 

[0001 ] This application is based on, and claims priority 
to, Japanese patent application 08-1 1 1447, filed May 2, 
1996. in Japan, and which Is incorporated herein by ref- 
erence. 

[0002] This application is related to US. patent appli- 
cation 08/655.027, filed May 28. 1996. and which is 
incorporated herein by reference. 

BACKGROUND OF THE IN VENTION 

1 . Field of the Invention 

[0003] The present invention relates to a fiber optic 
communication system which uses wavelength division 
multiplexing to transmit a wavelength-multiplexed opti- 
cal signal. More specifically, the present invention 
relates to a controller which controls an optical attenua- 
tor or an optical amplifier to change the power level of 
the wavelength-multiplexed c^tical signal when the 
number of channels are varied. 

2. Description of the Related Art 

[0004] Wavelength division multiplexing is used in 
fiber optic communication systems to transfer a rela- 
tively large amount of data at a high speed. 
[0005] FIG. 1 is a diagram illustrating a conventional 
fiber optic communication system which uses wave- 
length division multiplexing to transmit, for example, four 
channels through a single optical fiber. Referring now to 
FIG. 1, transmitting units 20-1. 20-2. 20-3 and 20-4 
transmit individual carriers having wavelengths x^ - X4, 
respectively Each carrier is modulated with information 
and represents an individual channel. The different car- 
riers are multiplexed together by an optical multiplexer 
22 into a wavelength-multiplexed optical signal. The 
wavelength-multiplexed optical signal is transmitted 
through an optical fiber 24 to an optical demultiplexer 
26. Optical demultiplexer 26 branches the wavelength- 
multiplexed optical signal into four separate optical sig- 
nals having the wavelengths XI - X.4. respectively. The 
four separate branched optical signals are then 
detected by receiving units 28-1 . 28-2. 28-3 and 28-4. 
respectively. 

[0006] While the above optical fiber comnmjntcation 
system multiplexes four carriers together, it is common 
practice to multiplex more than four carriers. More spe- 
cifically, many different canriers may be mult?)lexed 
together. In this manner, a relatively large amount of 
data can be transmitted through an optical fiber. 
[0007] An optical amplifier (not illustrated) or an opti- 
cal repeater (not illustrated) is typically inserted 
between optical multiplexer 22 and optical demultiplexer 
26. to amplify the wavelength-multiplexed opttoal signal 



travelling through optical fiber 24. Such an optical ampli- 
fier is typically a rare-earth doped optical fiber anplif ier 
which directly anr^piifies the wavelength-multiplexed 
optical signal. That is. a rare-earth doped optical fiber 

5 amplifier amplifies the wavelength-multiplexed optical 
signal without converting the wavelength-multiplexed 
optical signal into an electrical signal. 
[0008] Unfortunately, the use of a rare-earth doped 
optical f toer amplifier causes several problems when the 

10 number of channels in the wavelength-multiplexed opti- 
cal signal is varied. More specifically, during the varia- 
tion (that is, before the variation in the nun^er of 
channels is complete), the optical power of each chan- 
nel can undesireably be varied, thereby causing non-lin- 

is ear degradation or S/N degradation of the wavelength- 
multiplexed optical signal. 

SUMMARY OF THE INVENTION 

20 [0009] Accordingly, it is an object of the present inven- 
tion to provide an optical amplifying apparatus which 
reduces non-linear degradation and S/N degradation of 
a wavetengtii-multiplexed optical signal when the 
number of channels are varied. 
25 [001 0] Additional objects and advantages of the Inven- 
tion will be set forth in part in the description which fol- 
lows, and, in part, will be obvious from the description, 
or may be learned by practice of the invention. 
[001 1] The foregoing objects of the present invention 
30 are achieved by providing an apparatus which includes 
an optical amplifier and a controller. The optical ampli- 
fier amplifies a light signal having a variable number of 
channels. The controller controls a power level of the 
amplified light signal in response to variations in the 
35 number of channels in the light signal. 

[001 2] More specifically, objects of the present inven- 
tion are achieved by providing a controller which (a) 
prior to. and subsequent to, varying the nunrtoer of chan- 
nels in tt^e light signal, passes tiie amplified light signal 
40 with a varying light transmissivity so that a power level 
of tiie amplified light signal is maintained at an approxi- 
mately constant level in accordance with the number of 
channels In the light signal, and, (b) while the number of 
channels in the light signal is being varied, passes the 
45 amplified light signal with a constant light transmissivity. 
[0013] Objects of the present invention are also 
achieved by providing an apparatus which includes an 
optical amplifier, a ccKitroller. a demultiplexer and an 
automatic level control unit. The optical amplifier ampli- 
so ties a light signal having a variable nun^er of channels. 
The controller controls the amplified light signal in 
response to variations in the number of channels in the 
light signal. The demultiplexer demultiplexes the con- 
trolled, amplified light signal into individual signals. The 
55 automatic level control unrt controls the power le/el of a 
respective individual signal so that the power level of the 
individual signal is maintained to be approximately con- 
stant. 
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* [0014] ' Objects of the present invention are also 
achieved by providing an apparatus which includes an 
automatic level control unit and an optical fiber amplifier. 
The automatic level control unit maintains a power level 
of a light signal to be approximately constant and pro- 5 
duces a corresponding output signal The optical liber 
amplifier amplifies the output signal of the automatic 
level control unit with a constant gain. 
[0015] Objects of the present invention are further 
achieved by providing an optical amplifier and a control- 10 
ler. The optical amplifier amplifies a light signal having a 
variable number of channels. Prior to, and subsequent 
to. varying the number of channels in the light signal, 
the controller maintains a power level of the amplified 
light signal at an approximately constant level in accord- is 
ance with the number of channels in the light signal. 
While the number of channels in the light signal is being 
varied, the controller amplifies the amplified light signal 
with an approximately constant gain. 
[0016] Moveover, objects of the present invention are so 
achieved by providing an apparatus which includes an 
optical amplifier, an optical attenuator and a controller. 
The optical amplifier amplifies a light signal having a 
variable number of channels. The optical attenuator 
passes the amplified light signal and has a variable light 2s 
transmissivity. Prior to varying the numb^- of channels 
in the light signal, the controller varies the light transmis- 
sivity of the optical attenuator so that a power level of 
the amplified light signal is maintained at an approxi- 
mately constant level that depends on the number of so 
channels in the light signal prior to the varying the 
number of channels. \Nh\\e the number of channels in 
the light signal is being varied, the controller maintains 
the light transmissivity of the optical attenuator to be 
constant. Subsequent to varying the number of chan- 3S 
nets in the light signal, the controller varies the light 
transmissivity of the optical attenuator so that a power 
level of the amplified light signal is maintained at an 
approximately constant level that depends on the 
number of channels in the light signal subsequent to the 40 
varying the number of channels. 
[0017] Objects of the present invention are also 
achieved by providing a method for controlling a light 
signal having a variable number of channels and ampli- 
fied by an optical amplifier. The method includes the 45 
steps of: (a) prior to. and subsequent to. varying the 
number of channels in the light signal, passing the 
amplified light signal with a varying light transmissivity 
so that a power level of the amplified light signal is main- 
tained at an approximately constant level in accordance so 
with the number of channels in the light signal, and. (b) 
while the number of channels in the light signal is being 
varied, passing the amplified light signal with a constant 
light transmissivity. 

[0018] Objects of the present Invention are achieved ss 
by providing a method for controlling a light signal hav- 
ing a variable number of channels and amplified by an 
optical amplifier, wherein the method includes the steps 
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of: (a) prior to, and subsequent to. varying the number of 
channels in the light signal, maintaining a power level of 
the amplified light signal at an approximately constant 
level in accordance with the number of channels in the 
light signal, and. (b) while the number of channels in the 
light signal is being varied, amplifying the amplified light 
signal with an approximately constant gain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 9] These and other objects and advantages of the 
invention will become apparent and more readily appre- 
ciated from the following description of the preferred 
embodiments, taken in conjunction with the accompa- 
nying drawings of which: 

FIG. 1 (prior art) is a diagram illustrating a conven- 
tional fiber optic communication system. 
FIG. 2 (prior art) is a diagram illustrating an optical 
amplifying apparatus for a fiber optic communica- 
tion system which uses wavelength division multi- 
plexing. 

FtO. 3 is a diagram illustrating an optical amplifying 
apparatus, according to an embodiment of the 
present invention. 

FIGS. 4(A) and 4(B) are graphs illustrating the oper- 
ation of the optical amplifying apparatus in FIG.3, 
wherein the number of channels. N. in an optical 
signal is changed, according to an embodiment of 
the present invention. 

FIG. 5 is a diagram illustrating an automatic gain 
control circuit, according to an embodiment of the 
present invention. 

FIG. 6 is a diagram illustrating automatic level con- 
trol circuit, according to an embodiment of the 
present invention. 

FIG. 7 is a diagram Illustrating a switching circuit of 
the automatic level control circuit in FIG. 6, accord- 
ing to an embodiment of the present invention. 
FIGS. 8 and 9 are diagrams illustrating an auto- 
matic level control circuit, according to additional 
embodiments of the present invention. 
FIG. 10 a diagram Illustrating an optical amplify- 
ing apparatus, according to an additional embodi- 
ment of the present invention. 
FIG. 1 1 is a diagram illustrating an optical arrplify- 
ing apparatus, according to a further embodiment 
of the present invention. 

FIG. 12 is a diagram illustrating an optical anpltfy- 
ing api>aratu8. according to an entxKtlment of the 
present invention. 

FIG. 13 is a diagram illustrating an optical amplify- 
ing apparatus, according to an additional embodi- 
ment of the present invention. 
FIG. 14 is a diagram illustrating an optical amplify- 
ing apparatus, according to an additional embodi- 
ment of the present invention. 
FIG. 15 is a diagram illustrating an optical amplify- 
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* ing apparatus* according to a further embodiment 
of the present invention. 

FIG. 16 is a diagram illustrating an optical amplify- 
ing apparatus, according to a still further embodi- 
ment of the present Invention. 
FIG. 17 is a diagram illustrating modification to the 
optical amplifying apparatus illustrated In FIG. 16. 
according to an enrtbodiment of the present inven- 
tion. 

FIG. 18(A) Is a graph Illustrating gain versus wave- 
length characteristics of a rare-earth<loped optical 
fiber (EOF) In an optical amplifying apparatus, 
according to an embodiment of the present inven- 
tion. 

FIG. 18(B) is a graph illustrating the transmissivity 
of an optical f ilter in an optical amplifying apparatus, 
according to an embodiment of the present inven- 
tion. 

FIG. 18(C) is a graph illustrating overall gain of the 
rare-earth-doped optical fiber (EDF) in FIG. 18(A) 
and the optical filter in FIG. 18(B), according to an 
emtxxJiment of the present invention. 
FIG. 19 is a diagram illustrating an optical amplify- 
ing apparatus, according to an embodiment of the 
present invention. 

FIG. 20 is a diagram illustrating an optical amplify- 
ing apparatus, according to an additional embodi- 
ment of the present invention. 
FIG. 21 is a diagram illustrating an optical amplify- 
ing apparatus, according to a further embodiment 
of the present invention. 

FIG. 22 is a diagram illustrating an optical amplify- 
ing apparatus, according to a still further embodi- 
ment of the present invention. 
FIG. 23 is a diagram illustrating an optical anrplify- 
ing apparatus, according to an embodiment of the 
present invention. 

FIG. 24 is a more detailed diagram of a portion of 
the optical amplifying apparatus in FIG. 23. accord- 
ing to an emlxxliment of the present invention. 
FIG. 25 is a diagram illustrating a fiber optic com- 
munication system employing an optical anplifying 
apparatus according to an emt>odiment of the 
present invention. 

FIG. 26 is a more detailed diagram illustrating the 
optical amplifying apparatus of FIG. 25, according 
to an embodiment of the present invention. 
FIG. 27 is a diagram illustrating a transmission line 
employing a plurality of optical amplifying appara- 
tuses, according to an embodiment of the present 
invention. 

FIG. 28 is a timing diagram illustrating the operation 
of an optical amplifying apparatus, according to an 
embodiment of the present invention. 
FIG. 29 is a diagram illustrating a portion of an opti- 
cal communication system, according to an emlxxl- 
iment of the present invention. 



i=|^P0P||V |FNTS OF THE INVENTION 

[0020] Reference will now be made in detail to the 
present preferred embodiments of the present inven- 
5 tion, examples of which are illustrated in the accompa- 
nying drawings, where like reference numerals refer to 
like elements throughout. 

[0021 ] FIG. 2 is a diagram illustrating an optical ampfi- 
fying apparatus for a fiber optic communication system 

10 which uses wavelength division multiplexing, and is sim- 
ilar to that disclosed in related to U.S. patent application 
08/655.027, which is incorporated herein by reference 
[0022] Referring now to FIG. 2, the optical amplifying 
apparatus includes a first part 1000 (sometimes 

79 referred to herein as a "rare-earth-doped optical fiber 
amplifier part") and a second part 2000 (sometimes 
referred to herein as an **electrically-controlled optical 
device part*"). 

[0023] First part 1000 includes a rare-earth-doped 
20 Optical fiber (EDF) 34, optical branching couplers 36i 
and 362. optical isolators 38i and 382. photodiodes 40^ 
and 4O2. an optical wavelength multiplexing coupler 42, 
a pump laser diode (LD) 44 and an automatic optical 
gain control circuit (AGO) 46. 
25 [0024] Second part 2000 includes optical branching 
coupler 363. an electrically-controlled variable optical 
attenuator (ATT) 48, a photodiode (PD) 4O3 and an 
automatic level control circuit (ALC) 50. Optical attenua- 
tor 48 is, for exanple, constructed of a magnetooptical 
30 element. However, many different types of variable opti- 
cal attenuators can be used. 

[0025] A wavelength-multiplexed optical signal is fed 
to rare-earth-doped optical fiber 34 via optical branch- 
ing coupler 36^ optical isolator 38 and optical wave- 

35 length multiplexing coupler 42. A pump light beam is 
supplied by punnp laser diode 44, to rare-eartin-doped 
optical fiber 38 via optical wavelength multiplexing cou- 
pler 42. The wavelength-multiplexed optical signal is 
amplified by rare-earth-doped optical fiber 34 and input 

40 to optical attenuator 48 via optical isolator 882 and opti- 
cal branching coupler 362. 

[0026] A portion of the wavel^gth-multiplexed optical 
signal branched by optical branching coupler 36i is con- 
verted into an electrical signal by photodiode 40^ and 

45 input to automatic optical gain control circuit 46. A por- 
tion of the amplified wavelengtii-multiplexed optical sig- 
nal branched by optical branching coupler 862 is 
converted into an electrical signal by photodiode 4O2 
and input to automatic optical gain control circuit 46. 

so Pump laser diode 44 is controlled so as to maintain a 
ratio t)6tween a level of the input wavelength-multi- 
plexed optical signal and a level of the amplified wave- 
lengtii-multtplexed optical signal at a predetermined 
level. 

55 [0027] More specifically, optical gain control circLPt 46 
controls pump laser diode 44 so as to maintain, at a 
constant level, the ratio between the level of the input 
wavelength-multiplexed optical signal as converted into 
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-an electrical signal by the photodiode 40^ and the level 
of the amplified wavelength-multiplexed optical signal 
as converted into an electrical signal by the photodiode 
4O2. In this manner, first part 1000 conserves the wave- 
length dependence by contrdting the optical gain at a 
constant level. 

[0028] A portion of an output wavelength-multipiexed 
optical signal branched by optical branching coupler 363 
is converted into an electrical signal by photodiode 4O3 
and input to automatic level control circuit 50. Optical 
attenuator 48 is controlled so as to nnalntain the wave- 
tength-multlplexed optical signal at a predetermined 
level. 

[0029] More specifically, automatic level control circuit 
50 controls optical attenuator 48 using the electrical sig- 
nal derived by photodiode 4O3 from the wavelength-mul- 
tiplexed optical signal, so as to nnalntain the output level 
of the wavelength-multiplexed optical signal at a con- 
stant level. 

[0030] Unfortunately, when an optical amplifying 
apparatus, as illustrated in FIG. 2, is used in a fiber optic 
communication system which uses wavelength division 
multiplexing, a variation in the number of channels used 
in the wavelength-multiplexed optical signal can cause 
significant problems. 

[0031] For example, a predetermined output optical 
power of an amplifier Is generally required for each 
wavelength (channel) so as to ensure a desired S/N 
ratio in a receiver Assuming there are a total of N chan- 
nels, the total optical output Pc of a rare- earth-doped 
optical fiber amplifier for amplifying a wavelength-multi- 
plexed optical signal is controlled to be N x P. In the 
presence of a variation 0I +a or -a In the number of 
channels N, switching control is effected so that the total 
optical power is (N ± a)R Because the optical power for 
individual wavelengths (channels) varies due to the 
switching control, non-iinear degradation or signal-to- 
noise (S/N) degradation may result. 
[0032] Further, in FIG. 2. the optical output of first part 
1000 is to be maintained at a constant level by second 
part 2000. Therefore, when the optical output of first 
part 1000 exceeds a predetermined level, second part 
2000 maintains the optical output at a constant level. As 
a result, the use of optical attenuator 48 will require an 
extra measure of amplification by first part 32, and the 
output power of punp laser diode 44 for maintaining the 
optical gain at a constant level should be controlled to 
be in an exponential relation to a variation in the level of 
the input wavelength-multiplexed optical signal. There- 
fore, it is necessary to provide a relatively high-capacity 
pump laser diode 44. 

[0033] FIG. 3 is a diagram illustrating an optical ampli- 
fying apparatus, according to an embodiment of the 
present invention. The optical amplifying apparatus 
includes a first part 1000 and a second part 2000. First 
part 1000 includes a rare-earth-doped optical fiber 
(EOF) 52i. optical branching couplers 54^ and 542. opti- 
cal isolators 5Si and 552* an optical wavelength multi- 
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plexing coupler 56i. photodiodes (PD) 58i and 582, a 
pump laser diode (LD) 59i. arKi an automatic gain con- 
trol circuit (AGO) 60i. First part 1000 amplifies a wave- 
lengtii-multiplexed optical signal while consen/ing 

5 wavelength dependance. 

[0034] As an example, a wavder^h-multiplexed opti- 
cal signal is typically in the 1 .5 ^im band. An erbium- 
doped optical fiber is known to amplify optical signals in 
this band, and is therefore used as rare-earth-doped 

10 optical fiber (EOF) 52v Moreover, to appropriately 
amplify a wavelength-multiplexed optical signal in the 
1.5 fimband travelling through an erbium-doped optical 
fiber, it is known to use pump light of a 0.98 ^m or 1 .48 
pm pump t>and. Therefore, pump laser diode (LD) 5Q-\ 

IS provides pump light in the 0.98 jim or 1,48 \in\ punp 
band. 

[0035] Moreover, FIG. 3 shows a fonvard pumping 
construction in which a pump light beam emitted by 
pump laser diode 59i travels through rare-earth-doped 

so optical fiber 52^ in the same direction as the wave- 
length-multiplexed optical signal. However, a backward 
pumping construction could also be used, where a laser 
diode provides a pump light beam which travels through 
rare-earth-doped optical fiber 52^ in the opposite direc- 
ts tion as the wav6length*multlptexed optical signal. Fur- 
ther, a bi-directional pumping construction could be 
used, where two laser diodes provide pump light which 
travels through rare-eartii-doped optical fiber 52i in 
both directions through rare-earth-doped optical fiber 

30 52i. Thus, the present invention is not intended to be 
limited to any specific type of directional pumping. 
[0036] Second part 2000 includes an electrically-con- 
tirolled variable optical attenuator (ATT) 64. an automatic 
level control circuit (ALC) 66. optical branching coupler 

35 543 and a photodiode (PD) 583. Second part 2000 con- 
trols the total optical output of a wavelength-multiplexed 
optical signal to be at a constant level, without conserv- 
ing wavelength dependence. More specifically, auto- 
matic level control circuit 66 varies tiie attenuation, or 

40 light transmissivity. of optical attenuator 64 so that the 
power of the wavelength-multiplexed optical signal, as 
output from first part 1000. Is maintained at a constant 
power level corresponding to the number of channels in 
the wavelength-multiplexed optical signal. 

45 [0037] Moreover, when the number of channels in the 
wavelength-multiplexed optical signal is being varied, a 
monitor signal processing circuit 70 causes the attenua- 
tion, or light transmissivity, of optical attenuator 64 to be 
maintained constant. Thus, monitor signal processing 

so circuit 70 temporarily *1reeze8" the operation of optical 
attenuator 64. After the nunri)er of channels has been 
changed, monitor signal processing circuit 70 allows the 
attenuation, or light transmissivity. of optical attenuator 
64 to be varied so that the power of the wavelength-mul- 

55 tiplexed optical signal is maintained at a constant level 
in accordance with tiie new nunnber of channels. 
[0038] More specifically, the wavelength-multiplexed 
optical signal input to tiie optical amplifying apparatus is 
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branched by an optical branching coupler 68v The 
branched portion is provided to a photodiode (PD) 684. 
Photodiode (PD) 584 converts the branched portion into 
an electrical signal and provides the electrical signal to 
monitor signal processing circuit 70. 
[0039] A control signal, which warns of a variation in 
the number of channels in the wavelength-nuiltiplexed 
optical transmission system, is superimposed on the 
wavelength*multiplexed optical signal preferably as a 
low-speed signal through an amplitude modulation 
process. However, other methods can be used to super- 
Impose the control signal. Monitor signal processing cir- 
cuit 70 extracts and identifies the control signal. Monitor 
signal processing circuit 70 then controls optical attenu- 
ator 64 or automatic level control circuit 66 in accord- 
ance with the extracted control signal. If amplitude 
modulation is used, it is relatively easy to extract the 
control signal by demodulating the electrical signal 
obtained by photodiode 884. 

[0040] Alternatively, the control signal may be trans- 
mitted to monitor signal processing circuit 70 on a dedi- 
cated control channel (wavelength). If a dedicated 
control channel is used, an optical branching filter (not 
illustrated) should extract the control signal out of the 
wavelength-multiplexed optical signal (as branched by 
<H3tical branching coupler 680 Por examplep by feeding 
the optical signal extracted by the optical branching filter 
to photodiode 584 so as to be converted into an electri- 
cal signal. It is possible to extract the control signal. 
[0041] Therefore, a portion of the wavelength*multi- 
plexed optical signal branched by optical branching cou- 
pler 681 is converted into an electrical signal by 
photodiode 684 and fed to monitor signal processing cir- 
cuit 70. Monitor signal processing circuit 70 "freezes" an 
operation of optical attenuator 64, when a control signal 
warning of a variation in the number of channels is 
extracted and identified. 

[0042] In order to ensure that the power level of the 
attenuated wavelength-multiplexed optical signal 
matches the numt)er of channels, monitor signal 
processing circuit 70 causes a set voltage (reference 
voltage) to be selected. The power level can then be 
controlled to be at a constant level corresponding to the 
set voltage. 

[0043] Generally, there are two approaches for moni- 
tor signal processing circuit 70 to control optical attenu- 
ator 64. In one approach, optical attenuator 64 is 
directly controlled by monitor signal processing circuit 
70, as illustrated by control signal 69 in FIG. 3. In an 
alternative approach, optical attenuator 64 is indirectly 
controlled by monitor signal processing circuit 70. as 
illustrated by control line 71 in FIG. 3. 
[0044] The number of channels may actually be 
increased or decreased after a warning for a change in 
the number of channels. In this instance, a control sig- 
nal, which indicates the completion of the change in the 
number of channels, is superimposed on the wave- 
length-multiplexed optical signal. Monitor signal 



processing circuit 70 then extracts the control signal. 
Alternatively, the control signal may be transmitted to 
monitor signal processing circuit 70 on a dedicated con- 
trol channel (wavelength). Upon extracting and Identify- 

5 ing the control signal, monitor signal processing circwt 
70 allows optical attenuator 64 to resume its control for 
maintaining the power level of the wavelength-multi- 
plexed optical signal at a constant level. 
[0045] Alternatively, instead of providing monitor sig- 

10 nal processing circuit 70 with a control signal indicating 
the completion of the change in the number of channels, 
such completion can be assumed after a predetermined 
period of time elapses. More specifically, the nurrtoer of 
channels may actually be increased or decreased after 

15 lapse of a predetermined period of time since the warn- 
ing for a change in the nunA>er of channels is given. bi 
this instance, after the control signal for giving waming 
of a variation in the number of channels is extracted and 
Identified by monitor signal processing signal 70. a timer 

20 (not illustrated) is activated. When a predetermined 
period of time has passed, optical attenuator 64 is 
driven again to maintain the power level of the wave- 
length-multiplexed optical signal at a constant level. 
[0046] Whether a control signal or a predetermined 

25 period of time is used to indicate the completion of a 
variation in the number of channels, the set voltage (ref- 
erence vdtege) for controlling the power level is 
switched from one level to another in accordance with 
information relating to how many channels are added or 

30 removed- This information is preferably included in the 
control signal for warning of a variation in the number of 
channels. Therefore, by resuming the control foa main- 
taining the total optical output power at a constant level, 
the optical output is maintained at a constant level that 

3S matches the number of channels. 

[0047] Therefore, in response to a change in the 
number of channels, optical attenuator 64 prevents a 
radical variation in the optical output power, by having 
its attenuation frozen at a constant level. At this time. 

40 second part 2000 no longer operates to maintain the 
power of the wavelength-multiplexed optical signal at a 
constant level. After the number of channels is changed, 
optical attenuator 64 is again controlled to maintain tiie 
power of the wavelength-multiplexed optical signal at a 

45 constant level. Optical attenuator 64 may gradually be 
driven so that a total output power corresponding to the 
number of channels is maintained. With this arrange- 
ment, it is possit^le to moderate a variation in the opiicai 
output and avoid non-linear degradation and S/N ratio 

so degradation. 

[0048] FIGS. 4(A) and 4(B) are graphs illustrating the 
operation of the optical anrplifying apparatus in FIG.3, 
wherein the number of channels. N. in an optical signal 
is changed from, for example, four channels to eight 

55 channels. Referring now to FIGS. 4(A) and 4(B). <^tical 
attenuator 64 has a variable light transmissivity, or 
attenuation, which is controlled by automatic level con- 
trol circuit 66 an monitor signal processing circuit 70. 
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-[0049] 'in FIGS. 4(A) and 4(6), a warning o1 a change 
in the number of channels is received at time 11 . and the 
number of channels are increased at time t2. 
[0050] Before a warning of a change in the number of 
channels is received (that is. before time t1), automatic 
level control circuit 66 varies the light transmissivity of 
electrically-controlled variable optical attenuator 64 to 
provide a substantially constant optical signal power at 
the output of optical attenuator 64. Therefore, before 
time t1 . second part 2000 performs automatic level con- 
trol (ALC). 

[0051] When a warning of a change in the number of 
channels is received (that is, at time t1 ), automatic level 
control circuit 66 maintains the light transmissivity of 
electrically-controlled variable optical attenuator 64 to 
be substantially constant. In this case, the output of opti- 
cal attenuator 64 can be seen has having a constant 
gain which is provided, for example, by first part 1000 or 
by a later stage (not illustrated) which further amplifies 
the signal. Therefore, after time t1 , automatic gain con- 
trol (AGO), not automatic level control (ALC), is per- 
formed. 

[0052] At time t3, subsequent to a change in the 
number of channels, automatic level control circuit 66 
varies the light transmissivity of electrically-controlled 
variable optical attenuator 64 to provide a substantially 
constant optical signal power at the output of optical 
attenuator 64. More specifically, after time t3. second 
part 2O0O again performs automatic level control (ALC). 
[0053] As can be seen from FIGS. 4(A) and 4(B). <^ti* 
cal attenuator 64 is controlled to provide ALC. However, 
when the number of channels is being changed. ALC is 
halted. Instead, when the number of channels Is being 
changed, optical attenuator 64 is controlled to provide a 
constant light transmissivity, or attenuation. The opera- 
tion of qDtical atteniator 64 can be described as being 
"frozen" when the number of channels is being changed 
between times t1 and t3 in FIGS, 4(A) and 4(B). 
[(K)54] As described above, between times ti and t3. 
the output of optical attenuator 64 has a constam gain 
which is provided, for example, by first part 1 000 or by a 
later stage (not Illustrated) which further amplifies the 
signal. Alternatively, as disclosed in additional emkxKii- 
ments of the present invention described in more detail 
below, second part 2000 can be modified so that it pro- 
vides a constant gain (instead of providing automatic 
level control) while the number of channels is being 
changed. In this case, second part 2000 could include a 
gain controlled amplifier to provide a constant gain for 
AQC between times t1 and t3. 
[0055] Therefore, as Illustrated in FIGS. 4(A) and 4(B). 
an optical amplifying apparatus includes an optical 
amplifier (such as first part 1000) which amplifies a light 
signal having a variable number of channels. Prior to. 
and subsequent to. varying the number of channels in 
the light signal, a controller (such as second part 2000) 
passes the amplified light signal with a varying light 
transmissivity so that a power level of the amplified tight 



signal is maintained at an approximately constant level 
in accordance with the number of channels in the light 
signal. Further, while the nurrtjer of channels in the light 
signal is being varied, the controller passes the ampli- 

5 f led light signal with a constant tight transmissivity. 
[0056] FIG. 5 is a diagram illustrating automatic gain 
control circuit 60i , for controlling an optical gain to be at 
a constant level. Referring now to FIG. 5. automatic gain 
control circuit 60i includes a divider 72. an operational 

10 amplifier 74. a transistor 76 and resistors R1 - R6. V^e Is 
a power supply voltage. Vref is a reference voltage, and 
G is the earth or ground. 

[0057] As illustrated in FIG. 5, photodiode (PD) 58i 
converts a portion of the wavelength-multiplexed optical 

15 signal into an electrical signal which is provided to 
divider 72. Photodiode (PD) 682 converts a portion of 
the amplified wavelength-multiplexed optical signal into 
an electrical signal which is provided to divider 72. In 
this manner, divider 72 obtains a ratio between the input 

20 and the output of rare-earth-doped optical fiber (EDF) 
52 .| . The pump light beam emitted by pump laser diode 
59i can then be controlled to produce a constant ratio, 
thereby providing a constant gain. The configuration of 
automatic gain control circuit 60t in FIG. 5 is just one 

25 example of many possible configurations for an auto- 
matic gain control circuit. 

[0058] FIG. 6 Is a diagram Illustrating automatic level 
control circuit 66. for controlling an optical output at a 
constant level. Referring now to FIG. 6, automatic level 

30 control circuit 66 includes resistors R7 - R9. an opera- 
tional amplifier 78, a transistor 80, a switching circuit 
(SWC) 82 and a reference voltage circuit 84. V^c is the 
power supply voltage. V^ef is a reference voltage, G is 
the earth or ground, and csl and cs2 are control signals 

35 provided by monitor signal processing circuit 70. A con- 
trol element 86 is a control element of optical attenuator 
64 for controlling the transmissivity of optical attenuator 
64. 

[0059] For example, if optical attenuator 64 is oper- 
40 ated by a magnetooptical effect, control element 86 may 
be a coil for applying a magnetic field. Moreover, for 
ecampte. if optical attenuator is operated by an opto- 
electrical effect, the control element 66 may be an elec- 
trode, where the voltage applied to the electrode is con- 
45 trolled. If a semiconductor optical amplifier is used 
instead of optical attenuator 64, a bias voltage for con- 
trolling the gain of the semiconductor optical amplifier 
can be controlled. 

[0060] A portion of the optical signal output from opti- 
50 cal attenuator 64 (see FIG. 3) is branched by optical 
branching coiner 543 and converted Into an electrical 
signal by photodiode (PD) 683. Then, in FIG. 6. opera- 
tional amplifier 78 compares the electrical signal with 
the reference voltage (set voltage) V^f supplied by ref- 
55 erence voltage circuit 84 in accordance with control sig- 
nal CS1. A difference obtained as a result of the 
comparison is used to drive transistor 80. By controlling 
a current supplied to control element 86. the attenuation 
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prdVfded by 'optical attenuator 64 is controlled so that 
the optical output is maintained at a constant level. 
[0061 ] FIG. 7 is a diagram illustrating switching drcuit 
82. Referring now to FIG. 7, switching circuit 82 includes 
capacitors CI and C2 which are individually selected 
with a switch SW that is controlled by the control signal 
CS2. Therefore, switching circuit 82 controls the fre- 
quency characteristic of automatic level control circuit 
66. Moreover, switching circuit 82 controls optical atten- 
uator 64 by controlling transistor 80 by following the 
l&^ei of the output wavelength*multiplexed optical signal 
with a predetermined frequency characteristic. The con- 
trol signal cs2 from monitor signal processing circuit 70 
changes the frequency characteristic by switching 
between capacitors CI and 02 of switching circuit 82. 
The control signal csl switches between different levels 
of the reference voltages in accordance with the number 
of channels. 

[0062] r^ore specifically, switching circuit 82. coupled 
with operational amplifier 78 (see FIG. 6) and resistors 
R7 (see FIG. 6) and R9 (see FIG. 6), forms a primary 
low-pass filter. The cut-off frequency, fg. of this primary 
tow-pass filter is: 

f^ = 1/(2ttR9-CQ^c9). 

where Oswc selected capacitqr Ci or Ca- There- 
fore, by increasing the value of the capacitance Cswc 
the control circuitry shown in FIG. 6 is operated at a 
lower frequency. That is, the response thereof is slowed 
down. 

[0063] Therefore, depending on the capacitance of 
the selected capacitor 01 or 02 of switching circuit 82. 
the fitter cut-off frequency in the high-frequency zone 
can be changed. 

[0064] As an example, a preferably arrangement may 
be that the cut-off frequency, which is on the order of 10 
- 100 kHz in the normal ALC operation, be switched to 
0.01 Hz when optical attenuator 64 is controlled to pro- 
vide a constant attenuation (for exanrtple, to thereby pro- 
vide a constant gain when the channels are being 
switched). Ideally, the control of switching circuit 82 
occurs gradually, but a gradual control requires that 
switching circuit 82 be constructed of a number of 
capacitors, instead of simply two capacitors. 
[0065] Referring to FIG, 6. the cut-off frequency is 
high before a warning of a change in channels is 
received. When a signal warning of a change in the 
number of channels is received, switching circuit 82 is 
controlled so that the cut-off frequency is lowered. 
Accordingly, the attenuation provided by optical attenu- 
ator 64 is fixed at an average level. After the change in 
channels is completed, switching circuit 82 is controlled 
so that the cut-off frequency is switched again to be 
high. 

[0066] For example, when monitor signal processing 
circuit 70 extracts and identifies a control signal which 
warns of a variation in the number of channels, control 



signal cs2 is supplied to switching circuit 82 so that the 
frequency characteristic of automatic level control circuit 
66 is switched to a low frequency zone. As a result, the 
following performance for following a variation in the sig- 

5 nal detected by photodiode (PD) 683 is lowered. That is. 
the constant-level control of the optical output is terrpo- 
rarily frozen (for example, the light transmissivlty of opti- 
cal attenuator 64 is maintained to be constant). Further, 
control signal csl corresportds to the number of chan- 

70 nels to be included in the optical signal, and monitor sig- 
nal processing circuit 70 supplies the control signal csl 
to reference voltage circuit 84. Reference voltage circuit 
84 then supplies a reference voltage V^ef corresponding 
to the rHjmber of channels. Therefore, the total optical 

IS output power assumes a level matching the number of 
channels after the variation in the number of cfiannels. 
For example, the reference voltage Vref is changed such 
that, when a total of a channels are added to the total of 
N original channels, the total optical output becomes 

20 (N + a) x P . 

[0067] Referring again to FIGS. 6 and 7. the value of 
the capacitance Cswc be large enough to freeze 
the operation of optical attenuator 64. Generally, this 
purpose may be achieved if. for example, the cut-off fre- 

25 quency fc is dropped from 10 kHz to 0.01 Hz, thereby 
requiring a drop in the cut-off frequency fc by the factor 
of 10.000 to 100,000. Such a large drop can be difficult 
to achieve. 

[0068] Normally, the attenuation provided by optical 
30 attenuator 64 is varying from moment to moment to pro- 
vide an ALC function and to compensate for a polariza- 
tion variation. Therefore, abruptly fixing the attenuation 
of optical attenuator 64 at a certain level (such as when 
the number of channels are being changed) may cause 
35 problems. Instead, the attenuation is preferably main- 
tained at an average level. 

[0069] More specifically. FIGS. 8 and 9 are diagrams 
illustrating automatic level caitrol circuit 66. according 
to additional emtxxJiments of the present invention. 

40 Referring now to FIG. 8. a filter 90 for cutting off high fre- 
quencies (fe:~10 KHz) and constructed of a capacitor 
and a resistor is provided t>etween a switch 92 and tran- 
sistor 80 so that the response of the automatic level 
control becomes adequate. For example, the time con- 

45 stent, typically on the order of sub-millisecorvfs, may be 
changed to the time constant on the order of 10-100 mil- 
liseconds. 

[0070] When the cut-off frequency fc is switched to the 
high-frequency zone, the f Oter response becomes quick 

50 so that a comparatively high-spe^ variation, such as a 
polarization variation, can be cancelled and the output 
of optical attenuator 64 is maintained constant. 
[0071] More specifically, in FIG. 8. a latch circuit 94 
which has a low-pass filter (fci-O.OI Hz) stores a volt- 

55 age corresponding to an average level of the current in 
control element 86. During an ALC operation, switching 
of the control loop occurs so that the control loop for 
controlling the drive current at a constant level is initi- 
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^ted. TTiat is, when the switching of the control loop 
occurs, the voltage corresponding to the average level 
of the current Is latched in latch circuit 94 so as to serve 
as a reference voltage. The term "average lever is used 
because the bias current has a time-dependent varia- 
tion In order to maintain the level of the beam input to 
photodiode (PD) 583 at a constant level. More specifi- 
cally, the voltage obtained by Integration using a more 
extended Integral time than that provided by the time 
constant of the normal control loop is latched in latch 
circuit 94. 

[0072] Latch circuit 94 may be a circuit for reading the 
value of the driving current (provided by transistor 80) 
via an A/D converter, registering the read value and out- 
putting the registered value via a D/A converter 
[0073] FIG. 9 is a combination of FIGS. 6 and 8. Refer- 
ring now to FIG. 9. the capacitance Cswc is switched by 
switching circuit 82 to cause the cut-off frequency f^ to 
be shifted to a low-frequency zone, to thereby slow the 
filter response. Thereupon, latch circuit 94 controls the 
attenuation to the average based on a monitored value. 
[0074] More specifically, in FIG. 9, switching of the 
control loop is made to occur after increasing the time 
constant of the normal control loop according to the 
control illustrated In FIG. 6. so as to reduce an effect 
caused in the ALC characteristic as a result of the 
switching of the control loop. 

[0075] As has been described above, monitor signal 
processing circuit 70 may receive a control signal for 
reporting completion of a variation in the number of 
channels after it receives a control signal for giving 
warning of a variation in the number of channels. Alter- 
natively, however, monitor signal processing circuit 70 
may not receive a control signal when tiie variation in 
the nunrtf^er of channels is complete. In this case, a 
timer (not Illustrated) would be activated after the control 
signal for giving warning of a variation in the number of 
channels is extracted and identified. 
[0076] The control signal cs2 returns switching drcuit 
82 to the original frequency characteristic after the con- 
trol signal for reporting a completion of a variation In the 
number of channels is received, or after a predeter- 
mined period of time has passed. Thereupon, the con- 
stant optical output control is resumed in accordance 
with the new reference voltage V^ef set by reference volt- 
age circuit 84. 

[0077] The control for maintaining the total optical out- 
put at a constant level that corresponds to tiie number of 
channels may be resumed in a gradual manner. For 
example, the output signal of photodiode (PD) 583 may 
be input to operational amplifier 78 via a time constant 
circuit 96. or reference voltage V^ef may be gradually 
varied to assume a level that corresponds to the number 
of channels. 

[0078] While the above-described arrangement 
ensures that the frequency characteristic is switched as 
a result of tiie control effected by switching circuit 82 so 
that the constant-level control of the optical output is fro- 



zen, it is also possible to hold the signal output by pho- 
todiode (PD) 583 when the control signal for giving 
warning of a variation in the number of channels is 
extracted and identified. In this instance, the held value 

5 is input to operational amplifier 78 so that the constant- 
level conti'ol of the optical output is frozen. Other 
arrangements for freezing the constant-level control of 
the optical output are also possible. While it is assumed 
that the electrically-controlled optical device part Is con- 

10 structed using optical attenuator 64, a semiconductor 
optical amplifier can be used instead of optical attenua- 
tor 64. The semiconductor optical amplifier should have 
a small wavelength dependence. By controlling the 
semiconductor optical amplifier, the total optical output 

75 may be controlled at a constant level. 

[0079] FIG. 10 is a diagram Illustrating an optical 
amplifying apparatus, according to an additional 
embodiment of the present invention. Referring now to 
FIG. 10, the optical amplifying apparatus includes first 

so part 1000, second part 2000 and a third part 3000. 
Third part 3000 includes a rare-earth-doped optical 
fiber (EDF) 522. ^ optical branching coupler 544, an 
optical wavelength multiplexing coupler 563 , optical iso- 
lators 553 and 554. a photodiode (PD) 685, a punrp laser 

2S diode (LD) 592 ^nd an automatic gain control circuit 
(AGC) 6O2. Third part 3000 also shares optical branch- 
ing coupler 543 and the photodiode (PD) 883 with sec- 
ond part 2000. 

[0080] As with first part 1 000, third part 3000 controls 
30 an optical gain to be at a constant level. More specifi- 
cally, second part 2000 controls tiie power level of the 
wavelength-multiplexed optical signal received by third 
part 3000 to be at a constant power level. As a result, 
the optical output power level of third part 3000 is also 
35 maintained at a constant power level. Even when the 
optical signal level is attenuated by optical attenuator 64 
of second part 2000. amplification provided by third part 
3000 ensures that a desired total optical output is 
obtained. 

40 [0081] Therefore, pump laser diode 59^ of first part 
1000 and pump laser diode 592 of thiird part 3000 can 
each have a relatively small capacity, thereby reducing 
the cost and stabilization of the amplifying apparatus. 
[0082] Although FIG. 1 0 shows second part 2000 and 

45 third part 3000 sharing optical branching coupler 543 
and photodiode (PD) 883, it is also possible to provide a 
separate optical branching coupler and a separate pho- 
todiode in each of the second part 2000 and the third 
F»rt 3000. 

so [0083] Automatic gain control circuits 60^ and 6O2 may 
have the same configuration. Moreover, tiie optical 
gains provided by first part 1000 and third part 3000 
may be identical. Alternatively, the gains may be varied 
according to the characteristics of a transmission optical 

55 fiber used in third part 3000. 

[0084] In the event of a variation in tiie number of 
channels, the optical attenuation provided by optical 
attenuator 64 is frozen directiy by monitor signal 
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processing circuit 70, or by monitor signal processing 
circuit 70 controlling automatic level control circuit 66. 
Similar to the errtKXiiment shown in FIG. 3, it is ensured 
that a variation in the optical output in response to a var- 
iation in the number of channels is restricted so that 
non-linear degradation and S/N ratio degradation are 
reduced. 

[0085] FIG. 1 1 is a diagram illustrating an optical 
amplifying apparatus, according to a further embodi- 
ment of the present invention. Referring now to FIG. 1 1 , 
the optical amplifying apparatus includes first part 1000. 
second part 2000 and third part 3000, which are the 
same as that show in FIG. 10. However, the optical 
anrplifying apparatus in FIG. 1 1 also includes an auto- 
matic level control (ALC) correction circuit 98 for control- 
ling and correcting automatic level control circuit 66 of 
second part 2000. 

[0086] More specifically, a portion of the wavelength- 
multiplexed optical signal output by optical attenuator 64 
Is branched by optical branching coupler 543, converted 
into an electrical signal by photodiode (PD) 583 and 
input to automatic level control circuit 66. Automatic 
level control circuit 66 controls optical attenuator 64 so 
that the total optical output power of the wavelength- 
multiplexed optical signal is maintained at a constant 
level. However, the optical output power of the output 
wavelength-multiplexed optical signal in third part 3000 
is not fed to automatic level control circuit 66. Therefore, 
it cannot be ensured that the total optical output in the 
third part 3000 is maintained within a predetermined 
range. 

[0087] Accordingly, a portion of the output wavelength 
multiplied optical signal in the third part 3000 is con- 
verted into an electrical signal by photodiode (PD) 585 
and input to ALC correction drcuit 98 as well as to auto- 
matic gain control circuit 6O2. ALC correction circuit 98 
determines whether or not the total optical output power 
is maintained within the predetermined range. If the 
total optical output power is not within the predeter- 
mined range, ALC correction circuit 98 controls auto- 
matic level control circuit 66 which, in turn, controls 
optical attenuator 64 to maintain the total optical output 
power within the predetermined range. If a semiconduc- 
tor optical amplifier is used in place of optical attenuator 
64, automatic level control circuit 66 controls the gain of 
the semiconductor optical amplifier so that the total opti- 
cal output in third part 3000 is maintained within the pre- 
determined level. 

[0088] FIG. 12 is a diagram illustrating an optical 
amplifying apparatus, according to an embodiment of 
the present invention. The optical amplifying apparatus 
in FIG. 12 is a combination of the optical amplifying 
apparatuses in FIGS. 1 0 and 1 1 . 
[0089] Referring now to FIG. 1 2. in the event of a var- 
iation in the number of channels, monitor signal 
processing circuit 70 temporarily freezes the control 
effected by second part 2000 for controlling the optical 
output at a constant level, so that a variation in the opti- 



cal output is reduced. Further, ALC correction circuit 98 
controls automatic level control circuit 66 so as to main- 
tain the total optical output power in third part 3000 
within a predetermined range. 

5 [0090] FIG. 13 is a diagram illustrating an optical 
amplifying apparatus, according to an additional 
emk)0diment of the present invention. The optical ampli- 
fying apparatus in FIG. 13 operates in a similar manner 
as previously described embodiments of the present 

10 invention, but also includes an optical branching coupler 
545. a photodiode (PD) SSq, a dispersion conpensation 
fiber (DCF) 100 and a dispersion compensation fiber 
(DCF) loss correction circuit 102. Optical branching 
coupler 545 and photodiode (PD) 58e can be consid- 

15 ered to be included in third part 3000. 

[0091] Dispersion compensation fiber 100 is con- 
nected between second part 2000 ard third part 3DO0. 
DCF loss correction circuit 102 controls automatic level 
control circuit 66. In a long-distance, high-capacity, 

20 wavelength-multiplexing optical transmission system, 
dispersion compensation in relation to the dispersion 
level of the transmission optical fiber and the wave- 
length-multiplexed optical signal is necessary. For tiiis 
reason, dispersion compensation fiber 100 is provided. 

25 [0092] However. Insertion loss due to a distribution 
compensation optical fiber can cause problems. More 
specifically, a variation in a loss due to the distribution 
compensation optical fiber causes a variation in the 
optical output of repeaters which include wavelength- 

30 multiplexed optical fiber amplifiers. 

[0093] Therefore, by measuring a loss due to disper- 
sion compensation fiber 100 and setting automatic level 
control circuit 66 so as to compensate for tiie loss, opti- 
cal attenuator 64 is controlled to provide a constant opti- 

35 cal output. The loss due to dispersion compensation 
optical fiber 100 is likely to wy depending on a level of 
dispersion compensation. Accordingly, even with the 
constant optical output conti^ol effected by automatic 
level control circuit 66. the level of the wavelength-multi- 

40 ptexed optical signal input to third part 3000 may vary. 
[0094] Therefbre. a portion of the wavelength-multi- 
plexed optical Signal output by diversion compensa- 
tion optical fiber 100 and branched by optical branching 
coupler 545 is converted into an electrical signal by pho- 

45 todiode (PD) 586- The electi*ical signal is input to DCF 
toss correction circuit 102 as well as to automatic gain 
control circuit 6O2. DCF loss conrection circuit 102 deter- 
mines whether or not the level of the wavelength-multi- 
plexed optical signal output by dispersion compensation 

so fiber 100 is wittiin a predetermined range. If the level is 
outside the predetermined range. DCF loss correction 
circuit 102 supplies a correction signal to automatic 
level control circuit 66. For example, the reference volt- 
age (set voltage) for constant control of the optical out- 

55 put is corrected such that tine optical output power is 
within the predetermined range. Therefbre, a variation 
in insertion loss that results in a construction where dis- 
persion compensation fiber 100 compensates for tiie 
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bispersion in the transmission optical fiber is corrected, 
and a predetermined output level of the amplified wave- 
length-multiplexed optical signal is obtained. 
[0095] FIG. 14 is a diagram illustrating an optical 
amplifying apparatus, according to an additional 
embodiment of the present invention. Referring now to 
FIG. 14. when monitor signal processing circuit 70 
extracts and identifies a control signal for giving warning 
of a variation in the number of channels, the operation 
of optical attenuator 64 is frozen (that Is. the transmis- 
slvity or the attenuation is maintained to be constant), 
so that a rapid variation in the optical signal level is 
restricted. DCF loss correction circuit 102 controls auto- 
matic level control circuit 66 so as to correct a loss that 
varies depending on the level of dispersion compensa- 
tion provided by dispersion compensation fiber 100. 
Thus, the level of the waveiength-multiplexed optical 
signal input to third part 3000 is maintained within a pre- 
determined range. 

[0096] FIG. 15 is a diagram illustrating an optical 
amplifying apparatus, according to a further embodi- 
ment of the present invention. Referring now to FIG. 15. 
dispersion compensation fiber 100 compensates for 
dispersion in the transmission optical fiber, DCF loss 
correction circuit 102 corrects a variation in the loss 
depending on the level of compensation provided by 
dispersion compensation fiber 100. and ALC correction 
circuit 98 controls automatic level control circuit 66 so as 
to maintain the level of the output wavelength-multi- 
plexed optical signal in third part 3000 within a predeter- 
mined range. Thus, the wavelength-multiplexed optical 
signal in the wavelength-multiplexed optical transmis- 
sion system is amplified* relayed and transmitted in a 
stable manner. 

[0097] FIG. 16 is a diagram illustrating an optical 
amplifying apparatus, according to a still further embod- 
iment of the present invention. Referring now to FIG. 16, 
monitor signal processing circuit 70 controls optical 
attenuator 64 or automatic level control circuit 66 upon 
extracting and identifying a control signal for giving 
warning of a variation in the number of channels, so as 
to freeze constant-level control of the optical output. In 
this manner, a rapid variation in the level of the optical 
output is restricted. 

[0098] Further, DCF loss correction circuit 102 con- 
trols automatic level control circuit 66 so as to correct a 
variation in the loss that depends on the level of disper- 
sion provided by dispersion conpensation optical fiber 
100. ALC correction circuit 98 controls automatic level 
control circuit 66 so as to maintain the output wave- 
length-multipiexed optical signal in third part 3000 within 
a predetermined range. 

[0099] FIG. 1 7 Is a diagram illustrating modification to 
the optical amplifying apparatus illustrated in FIG. 16. 
according to an emtxxjiment of the present invention. 
More specifically, in FIG. 17. an optical filter A1 is pro- 
vided between the output of optical isolator 662 and 
optical branching coupler 542, at the input of photodiode 



(PD) 582- Also, an optical filter A2 is provided between 
the output of optical isolator 664 and optical branching 
coupler 544, at the input of photodiode (PD) 685. Optical 
filters A1 and A2 are optical filters as disclosed, for 

5 example, in U.S. patent application 08/655.027, which is 
incorporated herein by reference, for correcting wave- 
length dependency of the gain. 
[0100] FIG. 18(A) is a graph illustrating gain versus 
wavelength characteristics of rare-earth-doped optical 

10 fiber (EOF) 522 in FIG. 17. FIG. 18(B) is a graph illus- 
trating the transmissivity versus wavelength of optical fil- 
ter A2 in FIG. 17. and FIG. 18(C) is a graph illustrating 
overall gain of rare-earth-doped optical fiber (EDF) 522 
arxj optical filter A2 in FIG. 17, according to an errtoodi- 

15 ment of the present invention. 

[0101] If, for example, rare-earth-doped optical fiber 
(EDF) 522 has a wavelength-dependent gain character- 
istic as shown in FIG. 18(A), wherein the gain is higher 
in the long wavelength range, providing a gain correc- 

so tion optical filter A2 at the input of photodiode (PD) 685 
ensures that the amplifier has an even gain with respect 
to wavelength. Providing optical filter A2 ensures that 
photodiode (PD) 585 receives the corrected multi-wave- 
length signal so that the unfavorable sensitivity charac- 

25 teristic. wherein the signal sensitivity is tow in the short 
wavelength range and high in the long wavelength 
range, is corrected. Optical filters A1 and/or A2 may or 
may not be provided, depending on the use of rare- 
earth-doped optical fibers (EDF) 52i and 522- 

30 [0102] FIG. 19 is a diagram illustrating an optical 
amplifying apparatus, according to an emtxxiiment of 
the present invention. Referring now to FIG. 19, the 
positioning of the first part 1000 and the second part 
2000 are essentially switched. Therefore, a wavelength- 

35 multiplexed optical signal is controlled to have a con- 
stant power level by second part 2000. ard is then con- 
trolled by first part 1000 to have a constant gain. 
[0103] More specifically, an input wavelength-multi- 
plexed optical signal is transmitted to optical attenuator 

40 64. The wavelength-multiplexed optical signal output 
from optical attenuator 64 Is transmitted to rare-earth- 
doped optical fiber 52^ via optical isolator 55^ and opti- 
cal wavelengtii multiplexing coupler 56i. The amplified 
wavelength-multiplexed optical signal is output via opti- 

45 cal isolator 552 and optical branching coupler 542. 

[01 04] A portion of the wavelength-multiplexed optical 
signal branched by optical branching coupler 54^ is con- 
verted into an electrical signal by photodiode 58i and 
fed to automatic level control circuit 66 arxi automatic 

so gain control circuit 60^ . Automatic level control circuit 66 
controls the optical attenuation provided by optical 
attenuator 64 so that the wavelength-muHiplexed optical 
signal has its level controlled to be within a predeter- 
mined range and is then transmitted to first part 1000. 

55 [01 05] A portion of the wavel ength-multiplexed optical 
signal branched by optical branching coupler 542 is con- 
verted into an electrical signal by photodiode 682 and 
transmitted to automatic gain control circuit 6O1. Auto- 
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msciic gain control circuit 60^ controls pump laser diode 
59i so that a ratio between a level of the wavelength- 
multiplexed optical signal input to, and output from, rare- 
earth-doped optical fiber 52^ is maintained at a constant 
level. 

[01 06] Therefore, second part 2000 causes the power 
level of the wavelength-multiplexed optical signal to be 
constant even when a signal Input via a transmission 
optical fiber varies greatly. As a result a wavelength- 
multiplexed optical signal having a constant level is 
input to f irst part 1000. Accordingly, automatic gain con- 
trol circuit 60i may have a small control zone and a rel- 
atively simple construction. Further, since the power 
level of the optical signal Input to rare-earth-doped opti- 
cal fiber 52^ is prevented from exceeding a predeter- 
mined level, it is not necessary to raise the level of the 
pump laser beam supplied by pump laser diode 59^ 
That is. pump laser diode 59^ may have a small capac- 
ity. 

[0107] FIG. 20 is a diagram illustrating an optical 
amplifying apparatus, according to an additional 
embodiment of the present invention. The optical ampli- 
fying apparatus illustrated in FIG. 20 is similar to the 
optical amplifying apparatus in FIG. 19. but also 
includes optical branching coupler 543, photodiode (PD) 
583 and monitor signal processing circuit 70. 
[0108] Refemng now to FIG. 20. a wavelength-multi- 
plexed optical signal supplied via a transmission optical 
fiber is input to variable optical attenuator 64 and has a 
portion branched by optical branching coupler 543, con- 
verted into an electrical signal by photodiode 583 and 
input to monitor signal processing circuit 70. 
[0109] A control signal for giving warning of a variation 
in the number of channels may be superinposed on the 
wavelength*multlplexed optical signal by amplitude 
modulation or transmitted on a dedicated control chan- 
nel. Upon extracting arxi identifying the control signal for 
giving warning of a variation in the number of channels, 
monitor signal processing circuit 70 controls automatic 
level control circuit 66 and retains the optical attenuation 
provided by optical attenuator 64 at the current level 
(theret>y freezing the operation of optical attenuator 64) 
so that the optical output power is no longer maintained 
at a constant level. 

[01 1 0] When the change in the number of channels is 
completed, monitor signal processing circuit 70 allows 
optical attenuator 64 to resume its control for maintain- 
ing the optical output power at a constant level. With this 
arrangement, it is possible to reduce or eliminate a rapid 
variation in the power level of the optical signal. 
[0111] FIG. 21 is a diagram illustrating an optical 
amplifying apparatus, according to a further embodi- 
ment of the present invention. The optical amplifying 
apparatus illustrated in FIG. 21 is similar to the optical 
amplifying apparatus in FIG. 19. but includes ALC cor- 
rection circuit 98. 

[0112] ALC correction circuit 98 determines whether 
or not the power level of the output wavelength-multi- 



plexed optical signal is within a predetermined range. If 
the power level is not within the predetermined range. 
ALC correction circuit 98 controls automatic level con- 
trol circuit 66 so that the optical attenuation provided by 
5 optical attenuator 64 causes the output wavelength- 
multiplexed optical signal to have a power level within a 
predetermined range. 

[0113] FIG. 22 is a diagram illustrating an optical 
amplifying apparatus, according to a still further embod- 
10 iment of the present invention. The optical amplifying 
apparatus illustrated in FIG. 22 is a conr±}ination of the 
optical amplifying apparatuses illustrated in FIGS. 20 
and 21. 

[01 1 4] Referring now to FIG. 22, ALC correction circuit 
IS 98 controls automatic level control circuit 66 so that the 
power level of the output wavelength-multiplexed optical 
signal is within a predetermined range. Upon extracting 
and identifying a control signal for giving warning of a 
variation in the number of channels, monitor signal 
20 processing circuit 70 freezes the automatic level control 
function so that the optical output power is not longer 
maintained at a constant level. 

[0115] FIG. 23 is a diagram illustrating an c^tical 
amplifying apparatus, according to an ennbodiment of 

25 the present invention. Referring now to FIG. 23. instead 
of controlling (freezing) the optical attenuator 64 so as 
to provide a constant attenuation when the number of 
channels is varied, the optical amplifier as a whde is 
changed to the AGC mode when the number of chan- 

30 nels is varied. Such a change can be achieved by con- 
trolling the ratio between the input to, and the output 
from, optical attenuator 64, to be at a constant level. 
Such an operation is tantamount to maintaining the gain 
G (0 ^ G ^ 1) of OjMical attenuator 64 or the light trans- 

35 missivity of optical attenuator 64 at a constant level. 
[01 1 6] Therefore, in FIG. 23. a switch 1 04 is controlled 
by monitor signal processing circuit 70 to switch 
between automatic level control provided by automatic 
level control circuit 66 and automatic gain control pro- 

40 vided by an automatic gain control circuit 6O3. More 
specifically, for example, as illustrated in FIG. 4(A). 
monitor signal processing circuit 70 causes switch 104 
to select automatic level control circuit 66 prior to, and 
subsequent to. a variation in the number of channels. 

45 While the number of channels is being varied, monitor 
signal processing circuit 70 causes switch 104 to select 
automatic gain control circuit 6O3. 
[01 1 7] FIG. 23 also illustrates a laser diode (LD) 1 05 
which is controlled by monitor signal processing circuit 

so 70 to transmit information to downstream optical com- 
ponents, such as downstream optical repeaters. For 
example, as described in more detail further below, 
laser diode (LD) 105 can be used by monitor signal 
processing circuit 70 to transmit information to down- 

55 Stream optical components. 

[0118] FIG. 24 is a more detailed diagram of the opti- 
cal amplifying apparatus in FIG. 23. Referring now to 
FIG. 24, the operation is as follows: 
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(1) Normally (that Is, when the number of channels 
are not being varied), switch 104 selects automatic 
level control circuit 66 so that the power level of light 
output from optical attenuator 64 is monitored and 
maintained at a constant level. s 

(2) When monitor signal processing circuit 70 
receives a signal warning of a change in the 
number of channels, a gain monitoring signal 1 07 of 
automatic gain control circuit 6O3 Is read so that an 
average gain (attenuation) with respect to a time 10 
constant on the order of 10 -100 ms Is determined, 

(3) A reference voltage Vaqc corresponding to the 
average gain determined in (2) Is output from mon- 
itor signal processing circuit 70 to automatic gain 
control circuit 6O3. is 

(4) Switch 1 04 then selects automatic gain control 
circuit 6O3. 

(5) Monitor signal processing circuit 70 receives 
information indicating the new number of channels 

to be included in the wavelength-multiplexed optical 20 
signal. 

(6) Monitors signal processing circuit 70 provides to 
automatic level control circuit 66 a reference volt- 
age Valc corresponding to the new number of 
channels. 25 

(7) Monitor signal processing Circuit 70 receives a 
signal indicating that the variation in the number of 
channels is complete. Alternatively, a predeter- 
mined period of time lapses from the receipt of the 
signal waming of the change in the number of chan- 30 
nels. 

(8) Switch 1 04 selects automatic level control circuit 
66. 

[0119] The relationship between an attenuation pro- 35 
vided by optical attenuator 64 and a driving current of 
control element 86 provided by transistor 80 may 
depend on a parameter such as an operating tempera- 
ture, but is generally a one-to-one relationship. There- 
fore, (2). above, may be replaced by a process whereby 40 
the driving current is monitored (with respect to the time 
constant on the order of 10 - 100 ms) so as to determine 
an average gain (attenuation) based on the monitored 
driving current. The drivirrg current may be controlled so 
that its average level is maintained constant. 45 
[0120] FIG. 25 is a diagram illustrating a fiber optical 
communication system employing an optical amplifying 
apparatus according to embodiments of the present 
invention. Referring now to FIG. 25. a transmitter (Tx) 
108 transmits an SV tight beam to a receiver (Rx) 110. so 
where an SV light beam is light that Is wav^ength-mul- 
tiplexed with a nnain signal. The main signal is used to 
transmit information downstream. An optical amplifier 
(O-AMP) 112 amplifies the SV light beam. Main signal 
control 1 14 and monitor signal processing 1 16 are per- ss 
formed. 

[0121] FIG. 26 is a more detailed diagram illustrating 
an optical amplifying apparatus which includes optical 



amplifier 112, main signal control 114 and monitor sig- 
nal processing 1I6 of FIG. 25. The optical amplifying 
apparatus in FIG. 26 is similar to the optical amplifying 
apparatus in FIG. 3, but includes laser diode (LD) 105 
for sending an SV light beam downstream. 

[01 22] More specifically, monitor signal processing cir- 
cuit 70 inserts, in the SV light beam, information indicat- 
ing when the attenuation, or light transmissivity. of the 
optical attenuator 64 will be held constant, or "frozen". 
The SV light beam, carrying that information, is trans- 
mitted by laser diode (LD) 105 to the transmission line. 
[01 23] FIG. 27 is a diagram illustrating a transmission 
line employing a plurality of optical amplifying appara- 
tuses, according to embodiments of the present Inven- 
tion. Referring now to FIG. 27, a wavelength -multiplexed 
optical communication system includes transmitters Tx 
120. wavelength-multiplexed optical fiber amplifi- 
ers/repeaters OAMPs 122 and receivers Rx 124. When 
a variation in the number of channels is processed, all 
the OAMPs 122 in the upstream (or downstream) line in 
the system are set Into a constant optical gain corrtrol. 
[0124] A wavelength-multiplexed optical postamplifier 
(not illustrated) that may be provided in each transmitter 
Tx 120 and a wavelength-multiplexed optical preampli- 
fier (not illustrated) that may be provided in each 
receiver Rx 1 24 are also set into a constant gain control . 
When all OAMPS 122 are in a constant gain control 
state, the power of an optical signal fed to a light receiv- 
ing element in receivers Rx 124 may vary. 
[01 25] In a transmission line having optical amplifying 
apparatuses as illustrated in FIG. 25-27, it is possible to 
determine whether or not all the optical fiber amplifiers 
in the path managed by a receiving end (Rx) on the 
transm^sion line have their attenuation fixed and their 
optical gain maintained at a constant level. Once it is 
determined that all the optical fit>er amplifiers have their 
optical gain maintained at a constant level, information 
indicating the same is sent to the transmitting end (Tx) 
via the backward path, whereupon a variation in the 
number of channels can be started. 
[0126] The fbllowing is an example of the operation 
flow In a transmission fine having optical amplifying 
apparatuses as illustrated in FIGS. 25-27. for process- 
ing a variation in the number of channels. 

(1) A signal warning of a variation in the number of 
channels is issued from the upstream SV transmit- 
ting end (SVTx). 

(2) Monitor signal processing circuit 70 of each 
OAMP receives the signal waming of the variation 
in the number of channels. 

(3) Each OAMP starts freezing" the operation of 
the associated optical attenuator 

(4) Each OAMP completes a freezing operation of 
the associated optical attenuator and sends down- 
stream information indicating that the constant opti- 
cal gain control is started by carrying that 
information on the monitor signal (an identification 
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^number for identifying the Individual OAMPs is also 
inserted on the monitor signal). 

(5) The upstream SV receiving end (SVRx) 
acknowledges that all of the upstream OAMPS are 
in the constant optical gain state. 

(6) The downstream SV transmitting end (SVTx) 
announces that all the upstream OAMPs are in the 
constant optical gain state. 

(7) The downstream SV receiving end (SVRx) 
acknowledges that all the upstream OAMPS are in 
the constant optical gain state. 

(8) The upstream transmitting end (Tx) actually var- 
ies the number of channels. 

(9) The upstream SV transmitting end (SVTx) 
issues information indicating that the variation in 
the number of channels is completed. 

(10) The monitor signal processing circuit 70 in 
each OAMP receives the information indicating that 
the variation in the number of channels is com- 
pleted. 

(11) Each OAMP cancels the freezing operation for 
freezing the operation of the associated optical 
attenuator and proceeds to the constant optical out- 
put control. 

(12) Each OAMP sends downstream information 
indicating that a shift to the constant optical output 
control is completed, in the form of the monitor sig- 
nal (an identification signal identifying the individual 
OAMPs is also sent). 

(13) The upstream SV receiving end (SVRx) 
receives the information indicating that all the 
OAMPs have processed the variation in the number 
of channels. 

(14) The information indicating that all of the 
OAMPs have processed the variation in the number 
of channels is sent to the transmitting end. 

[0127] FIG. 28 is a timing diagram illustrating the 
above-described operation flow. 
[0128] Therefore, in the processing of the variation in 
the number of channels, a wavelength-multiplexed opti- 
cal fiber amplifier is temporarily stopped from perform- 
ing an automatic level control function and. instead, is 
made to perform a constant gain control function, or to 
cause the optical amplifying apparatus, as a whole, to 
perform a constant gain function. 
[0129] However, in an optical communication system, 
It is usually necessary to maintain the power of an opti- 
cal signal supplied to a light receiving element at a con- 
stant level. Although a variation in the input power due 
to polarization variation occurs under converttional cir- 
cumstances, the control for maintaining the optical gain 
of the optical fiber amplifier at a constant level causes 
the power of the optical signal supplied to the light 
receiving element to vary. 

[0130] This problem can be overcome by demultiplex- 
ing the optical signal into individual channels, and con- 
trolling the power level of the individual demultiplexed 



channels. 

[01 31 1 More specifically, FIG. 29 is a diagram illustrat- 
ing a portion of an optical communication system, 
according to an embodiment of the present invention, 
5 Referring now to FIG. 29, a demultiplexer (DEMUX) 1 25 
demultiplexes a wavelength-multiplexed optical signal 
into individual channels to be received by individual 
receivers 126. An optical preamplifier 127 and an auto- 
matic level control unit 128 is provided for each channel. 
10 so that the associated receiver 126 receives an optical 
signal at a constant power level. 
[01 32] According to the above embodiments of the 
present invention, an optical attenuator or an optical 
amplifier can be controlled to provide a constant gain 
75 while the number of channels in a wavelength-multi- 
plexed optical signal are being varied. In this case, the 
gain G can be in the range (0 :S G ^ 1). Thus, an optical 
attenuator can be controlled to provide a constant gain 
by maintaining a constant ratio between the input and 
20 the output of the optical attenuator 

[0133] According to the above embodiments of the 
present invention, a rare-earth doped optical fiber used 
in an optical amplifier, where the dopant is erbium (Er). 
However, the present invention is not intended to be lim- 
ps ited to an erbium (Er) doped optical fiber Instead, other 
rare-earth-doped optical fibers, such as a neodym- 
ium(Nd)-doped optical fiber or a praseodymium(Pd)- 
doped optical fiber, may also be used, depending on the 
wavelength involved. Further, for example, the various 
30 photodiodes disclosed herein can be replaced by pho- 
totransistors. 

[0134] According to the above embodiments of the 
present invention, specific emkxxJiments of automatic 
gain control circuits and automatic level control circuits 
35 are disclosed. However, the present invention is not 
intended to be limited to any specific circuit configura- 
tion for these circuits, or for other circuits disclosed 
herein, instead, many different circuit configuration can 
be used. 

40 [0135] Moreover, according to the above embodi- 
ments of the present invention, an optical attenuation is 
used to provide a varlakjie attenuation. There are many 
different types of known optical attenuators, and the 
embodiments of the present invention are not intended 

45 to be limited to any specific type of optical attenuator. 
[0136] Although a few preferred enrdCKxJiments of the 
present invention have been shown and described, it 
would be appreciated by those skilled in the art that 
changes may be made in these embodiments without 

50 departing from the principles and spirit of the invention, 
the scope of which is defined in the claims and their 
equivalents. 

Claims 

55 

1 . An optical communication system comprising: 

a terminal station which sends first and second 
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light signals through an optical transmission 
line, the first light signal having a variable 
number of channels associated with different 
wavelengths, and the second light signal indi- 
cating initiation of changing the number of s 
channels in the first lights signal; and 
an optical repeater which receives the first and 
second light signals, the optical repeater 
including 

10 

an optical annpllfier which amplifies the first 
light signal and 

a controller which receives the second light 
signal and, upon receipt of the second light 6. 
signal, controls the optical amplifier to is 
anrplify the first light signal with an approx- 
imately constant gain during a process of 
changing the number of channels. 

2. An optical communication system according to so 
claim 1 , wherein 

the optical repeater further includes an optical 
attenuator, with a variable light transmissivity. 7. 
for passing the first light signal, and 2S 
the optical repeater has a first mode In which 
the optical amplifier is controlled to amplify the 
first light signal with an approxiniately constant • — 

gain while the number of channels is being var- 

ied. and a second mode in which a power level 30 
of the first light signal amplified by the optical-_-- 

amplifier is controlled by varying the light trans* 

missivity of the optical attenuator. 

3. An optical communication system according to 3b 
claim 2, wherein, in the second mode, the optical 
repeater maintains a \X)wer level of the first light 
signal amplified by the optical amplifier at an 
approximately constant level in accordance with the 
number of channels in the first light signal. 40 

4. An optical communication system according to 
claim 1 , wherein the terminal station sends the sec- 
ond light signal through a supervisory channel hav- 
ing a wavelength different form the first light signal. 45 
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an optical amplifier which amplifies the first 
light signal, and 

a controller which receives the second light 
signal and. upon receipt of the second light 
signal, controls the optica! amplifier to 
amplify the first light signal with an approx- 
imately constant gain during a process of 
changing the number of channels and pro- 
duces the third light signal indicating that 
the process is ready to be completed, the 
optical repeater transmitting the first and 
third light signals. 

An optical communication system according to 
claim 5. wherein 

the terminal station sends the second light sig- 
nal through a supervisory channels having a 
wavelength different from the first light signal, 
and 

the optical repeater sends the third light signal 
through the supervisory channel. 

An optical communication system comprising: 

a terminal station which sends first and second 
light signals through an optical transmission 
line, the first light signal having a variable 
number of channels associated with different 
wavelengths, and the second light signal indi- 
cating conrpletion of changing the number of 
channels in the first light signal; and 
an optical repeater which receives the first and 
second light signals, the optical repeater 
including 

an optical amplifier which ampdif ies the first 
light signal, and 

a controller which receives the second light 
signal and. upon receipt of the second light 
signal, completes a first mode in which the 
optical anrplrf ter is controlled to arrplify the 
first light signal with an approximately con- 
stant gain during a process of changing 
the nun^er of channels. 



5. An optical communication system for transmitting, 
through an optical transmission tine, a first light sig- 
nal having a variable number of channels associ- 
ated with different wavelengths, comprising; so 

a terminal station which sends, through the 
optical transmission Kne, a second light signal 
indicating initiation of changing the number of 
channels in the first light signal; and an optical ss 
repeater which receives the first and second 
light signal, the optical repeater including 



8. An optical comnrtunication system according to 
claim 7. wherein 

the optical repeater further includes an optical 
attenuator, with a var'iabUe light transmissivity. 
for passing the first light signal, and 
the controller has a second mode in which a 
power level of the first light signal anplif ied by 
the optical arrplif ier is controlled by varying the 
light transmissivity of the optical attenuator. 

9. An optical communication system according to 
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" claim 8. wherein, in the second mode, the optical 
repeater maintains a power level of the first light 
signal amplified by the optical amplifier at an 
approximately constant level in accordance with the 
number of channels in the first light signal. s 

10. An optical communication system according to 
claim 7, wherein the terminal station sends the sec- 
ond light signal through a supervisory channel hav* 

ing a wavelength different form the first light signal. io 

1 1 . An optical communication system conprising: 



13. An optical communication system according to 
claim 12. wherein, in the second mode, the optical 
repeater maintains a power level of the f irst light 
signal amplified by the optical amplifier at an 
approximately constant level in accordance with the 
nunr^er of channels in the first light signal. 

14. An optical communication system according to 
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a terminal station which sends first and second 
light signals through an optical transmission 
line, the first light signal having a variable 
number of channels associated with different 
wavelengths, and the second light signal indi- 
cating initiation of changing the number of 
channels in the first light signal; and 
an optical repeater which receives the first and 
second light signals, the optical repeater 
including 

a controller which receives the second light 
signal and. upon receipt of the second light 
signal, starts preparation of changing the 
number of channels, and 
an optical amplifier which is controlled by 
the controller to amplify the first light signal 
with an approximately constant gain during 
the preparation of changing the number of 
channels. 



12. An optical communication system according to 35 
claim 1 1 , wherein 



the optical repeater further Includes an optical 
attenuator, with a variable light transmissivity, 
for passing the first light signal, and 
the optical repeater has a first mode in which 
the optical amplifier is controlled to arrpiify the 
first light signal with an approximately constant 
gain during the preparation of changing the 
number of channels, and a second mode in 
which a power level of the first light signal 
amplified by the optical amplifier is controlled 
by varying the light transmissivity of the optical 
attenuator. 
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claim 1 1 , wherein the terminal station sends the 
second light signal through a supervisory channel 
having a wavelength different from the first light sig- 
nal. 

15. An optical communication system for transmitting, 
through an optical transmission line, a first light sig- 
nal having a variat)le number of channels associ- 
ated with different wavelengths, comprising: 

a terminal station which sends, through the 
optical transmission line, a second light signal 
indicating initiation of crfianging the number of 
channels in the first light signal; and an optical 
repeater which receives the first and second 
light signals, the optical repeater including 

a controller which receives the second light 
signal and. upon receipt of the second light 
signal, starts preparation of changing the 
number of channels and produces a third 
light signal irdicating that the preparation 
is ready to be completed and 
an optical amplifier which is controlled by 
the controller to amplify the first light signal 
with an approximately constant gain during 
the preparation of changing the number of 
channels, the optical repeater transmitting 
the first and third light signals. 

16. An optical communication system according to 
claim 15. wherein the terminal station sends the 
second light signal through a supervisory channel 
having a wavelength different from the first light sig- 
nal and the optical repeater sends the tiiird light sig- 
nal through the supervisory channel. 

17. An optical communication s^tem comprising: 

a terminal station which sends first a second 
light signals through an optical transmission 
line, the first light signal having a variable 
number of channels associated with different 
wavelengths, and the second light signal irrdi- 
cating completion of changing the number of 
channels in tiie first light signal; and 
an optical repeater which receives the second 
light signals arKl, upon receipt of the second 
light signal, finishes preparation of changing 
the number of channels, and 

a controller which receives the second light 
signals and. upon receipt of the second 
light signal, finishes preparation of chang- 
ing the number of channels, and 
an optical amplifier which is controlled by 
the controller to amplify tiie first light signal 
witii an approximately constant gain during 
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the preparation of changing the number of 
channels. 

18. An optical communication system according to 
claim 17. wherein 5 

the optical repeater further includes an optical 
attenuator, with a variable light transmissivity. 
for passing the first light signal, and 
the optical repeater has a first mode in which io 
the optical amplifier is controlled to amplify the 
first light sigial with an approximately constant 
gain during the preparation of changing the 
number of channels, and a second mode in 
which a power level of the first light signal is 
amplified by the optical amplifier is controlled 
by varying the light transmissivity of the optical 
attenuator. 

19. An optical communication system according to 20 
claim 18. wherein, in the second mode, the optical 
repeater maintains a power level of the first light 
signal amplified by the optical amplifier at an 
approximately constant level in accordance with the 
number of channels in the first light signal. 2S 

20. An optical communication system according to 
claim 17. wherein the terminal station sends the 
second light signal through a supervisory channel 
having a wavelength different from the first light sig- 30 
nal. 

21. An optical communication network, comprising: 

an optical transmission line; 3S 
terminal stations, each connected to the optical 
transmission line, for transmitting and receiv- 
ing, through the optical transmission line, a first 
light signal having a variable number of chan- 
nels associated with different wavelengths and 40 
a second light signal indicating initiation of 
changing the number of channels in the first 
light signal; 

an optical repeater which receives the first and 
second light signals through the optical trans- 4S 
mission line, the optical repeater Including 

a controller which receives the second light 
signal and. upon receipt of the second light 
signal, starts preparation of changing the so 
number of channels, andi 
an optical amplifier which is controlled by 
the controller to amplify the first light signal 
with an approximately constant gain during 
the pr^aration of changing the number of 55 
channels. 

22. An optical communication network according to 



35 A2 32 
claim 21 , wherein 

the optical repeater further includes and optical 
attenuator, with a variable light transmissivity. 
for passing the first light signal, and, 
the optical repeater has a first mode in which 
the optical anplifier is controlled to anrplify the 
first light signal with an approximately constant 
gain during the preparation of changing the 
nunrtiser of channels. arKi a secorxj mode In 
which a power level of the first light signal 
amplified by the optical anplifier is controlled 
by varying the light transmlssfvlty of the optical 
attemator. 

23. An optical communication network according to 
claim 22. wherein, in the second mode, the optical 
repeater maintains a power level of the first light 
signal amplified by the optical amplifier at an 
approximately constant level in accordance with the 
nunrt)er of channels in the first light signal. 

24. An optical communication system network accord- 
ing to claim 21 . wherein a respective terminal sta- 
tion send the second light signal through a 
supervisory channel having a wavelength different 
from the first light signal. 

25. An optical communication network, comprising: 

an optical transmission line; 
terminal stations, each connected to the optical 
transmission line, for transmitting and receiv- 
ing, through an optical transmission line, a first 
light signal having a variable nunt>er of chan- 
nels associated with different wavelengths and 
a second light signal indicating completion of 
changing the number of channels; and 
an optical repeater receiving the first and sec- 
ond light signals, the optical repeater including 

a controller which receives the second light 
signal and. upon receipt of the second light 
signal, finishes preparation of changing the 
number of channels, and 
an optical amplifier which is controlled by 
the controller to amplify the first light signal 
with an approximately constant gain during 
the preparation of changing the number of 
channels. 

26. An optical communication network according to 
claim 25. wherein 

the optical repeater further includes an optical 
attenuator, with a variable light transmissivity, 
for passing the first light signal, and 
the optical repeater has a first mode in whcih 
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m 

the optical arrplifier is controlled to amplify the 
first tight signal with an approximately constant 
gain during the preparation of changing the 
number of channels, and a second mode in 
which a power level of the first light signal 5 
amplified by the optical amplifier is controlled 
by varying the light transmissivity of the optical 
attenuator. 

27. An optical communication network according to 10 
claim 26. wherein, in the second mode, the optical 
repeater maintains a power level of the first light 
signal amplified by the optical amplifier at an 
approximately constant level in accordance with the 
number of channels in the first light signal. r5 

28. An optical communication network according to 
claim 25. wherein the terminal stations send the 
second light signal through a supervisory channel 
having a wavelength different from the first light sig- 20 
nat. 
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number of channels, and an optical amplifier which Is 
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